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Introduction
Diabetes mellitus (DM) and tuberculosis (TB) are major killers of mankind across the globe [1] . The World Health Organization (WHO) global report for 2015 indicates that, there were 10.4 million new cases and 1.4 million deaths resulting from TB [2] . In the same year, 415 million cases and 5.0 million deaths due to DM were registered [3] . About 95% of TB and 75% of the DM cases live in low-and middle income countries. The rising prevalence of DM is a potential threat to TB control. Poorly controlled DM increases the risk of TB and leads to unfavorable TB treatment outcomes [4] [5] .
WHO has recommended a collaborative framework for the clinical management and control of TBDM comorbidity. Three important intervention strategies namely, establishing mechanisms of collaboration between TB and DM control programs, detection and management of TB in patients with DM, and detection and management of DM in TB patients have been recommended [6] . Some countries in Asia (China and India) have piloted the TBDM collaborative framework and have demonstrated that bi-directional screening for both diseases is feasible [7] [8] [9] [10] . It may also be important if other countries implement this strategy to reduce the dual burden of TBDM comorbidity. However, for policy making and implementation of this strategy, it is crucial to primarily understand the magnitude and associated factors of TBDM comorbidity particularly in low-and middle-income countries.
Former studies conducted in various parts of the world have shown that TBDM comorbidity has become a major public health problem. A wide range of estimates on the burden and associated factors of the two comorbid conditions and impact of DM on TB treatment outcome were reported [11] [12] [13] . For example, a previous systematic review of bidirectional screening for TBDM comorbidity reported high prevalence of DM among TB patients ranging from 1.9% to 35%. TB prevalence among DM patients ranged from 1.7% to 36% [11] . Similarly, another systematic review done on 13 observational studies reported that DM was associated with an increased risk of TB [relative risk (RR) = 3.11, 95% confidence interval (C.I.) 2. 27-4.26] [12]. Several reasons motivated us to do the current systematic review. Firstly, the risk/associated factors of TBDM comorbidity were not included in the previous systematic reviews. Secondly, the numbers of individual studies on TBDM comorbidity conducted after 2010 have increased by 78% compared to the number of studies done before 2010. Thirdly, unlike the periods before six years, bi-directional screenings of TB and DM studies have been emerging from different African countries. Therefore, an updated synthesis of the prevalence and associated factors of the two comorbid conditions is important for policy making, planning and development of TBDM integrated services. This systematic review was thus conducted to summarize the existing evidence on prevalence and associated/risk factors of TBDM comorbidity.
DM among latent TB patients, prevalence of impaired glucose tolerance among TB patients and incidence of TB among DM patients were excluded from the review. In addition, pharmacological studies related to TBDM comorbid conditions, articles written other than English language, conference papers, abstracts without full texts, articles that didn't describe journal's name and corresponding author, articles that reported prevalence/incidence of the two comorbidity conditions stratified by socio-demographic and clinical parameters were excluded from the study. Table 1 ). The full strategy was run in Endnote software. We also used hand searching to look for relevant reference lists and journals.
Search strategy and selection of studies

Data extraction and risk of bias assessment
A standardized form using excel sheet was used to extract relevant information. The standardized form was pilot tested in twenty selected articles included in the study. A number of variables including study locations, years of publications, study periods, study designs, number of patients included in the study, and prevalence of TBDM and associated/risk factors were extracted from all studies included in the systematic review. The risk of bias for each study was assessed using study design, sampling technique and sample size determination methods as important domains. In addition, we considered ''type of screening method used" and ''time of screening" for studies that assessed prevalence of DM among TB patients. For studies that analyzed TB prevalence among DM patients, ''type of TB screening method used" was considered as an important domain ( Table 2 ). Some of the above domains were also used in the previously conducted systematic review (12).One reviewer (MHW) searched, extracted the data and assessed the risk of bias. Any ambiguity in the extracted and assessed information was resolved through discussion with the other author (SAY).
Data analysis and syntheses
Descriptive statistics (range and median with interquartile range (IQR)) were used to summarize prevalence rates estimated from individual studies. Due to the observed wide variations in prevalence, and sample sizes used in the reviewed articles, we reported median prevalence rate based on geographical regions. The summaries were described into two groups, i.e. prevalence of DM among TB patients and prevalence of TB among DM patients. Data analyses were performed using Statistical Package for Social Science (SPSS) version 22 Armonk, New York 10504 IBM Corp. The risk/associated factors were grouped into main themes and described accordingly. In addition, findings of the studies were grouped into the different geographical regions of the world depending on where the individual studies were conducted. Each domain assessed for the risk of bias was categorized as either low or high risk of bias depending on the findings of each study. We scored 0 and 1 for low and high risk of bias, respectively. Accordingly, for studies that determined prevalence of DM among TB patients, the overall risk of study bias was calculated out of five total score points. While those with a total point of 2 were considered low risk, studies with a total value of 3-4 and 5 were considered to have moderate and high risk of bias, respectively. Similarly, for studies that analyzed prevalence of TB among DM patients, the overall risk of study bias was calculated out of four total score points. Consequently, studies that scored a total of 1 were considered low risk, and those with a total value of 2 and 3-4 were evaluated to have moderate and high risk of bias, respectively.
Results
A total of 1845 literatures were initially selected for screening. These included 1765 literatures identified from the electronic database search, 59 identified by hand search and 21 literatures identified by reference check (Fig 1) . After removing 780 duplicate articles form the total 1845 literatures, 1065 articles remained for further screening. Additional screening by title and Web of science 1900-present (March 09/2016) (TS = (diabet* AND tuberculosis AND (co-morbid* OR comorbid* OR cooccurren* OR prevalen* OR inciden* OR diagnos* OR screen* OR detect* OR risk* OR epidemiolog*) AND (cohort stud* OR case-control stud* OR crosssectional stud* OR follow-up stud* OR followup stud* OR longitudinal stud* OR retrospective stud*))) AND LANGUAGE: (English) AND DOCUMENT TYPES: (Article OR Proceedings Paper) Limiters: Language: English, Document types: Article OR Proceedings Paper Scopus 1996-March 09 /2016 (TITLE-ABS-KEY(diabet*) AND TITLE-ABS-KEY(tuberculosis) AND TITLE-ABS-KEY(co-morbid* OR comorbid* OR co-occurren* OR prevalen* OR inciden* OR diagnos* OR screen* OR detect* OR risk* OR epidemiolog*) AND TITLE-ABS-KEY(cohort stud* OR case-control stud* OR cross-sectional stud* OR follow-up stud* OR followup stud* OR longitudinal stud* OR retrospective stud*)) AND (LIMIT-TO(DOCTYPE,"ar") OR LIMIT-TO(DOCTYPE,"cp")) AND (LIMIT-TO(SUBJAREA,"MEDI")) AND (LIMIT-TO(LANGUAGE, "English")) abstract resulted in the exclusion of 877 articles and we were left with 188 articles for further screening. We performed full text screening on 188 articles and found that 94 articles were eligible for final analysis [9] [10] . The criteria for exclusion of the different studies are listed in Fig 1. The 94 studies selected for final analysis had applied different study designs. Majority 36 (38.3%) were cross-sectional studies, 11 (11.7%) were prospective cohort, 9 (9.6%) applied retrospective cohort study design, 21 (22.3%) were medical record reviews, four (4.3%) studies used prospective observational (not clearly specified) method, three (3.2%) used case-controls study design and 10 (10.6%) studies did not describe the type of study design used. The studies represented 33 countries globally and were divided into six regions. Of the total studies included in the analysis, 74 (78.7%) were published between 2011 and 2016, 12 (12.8%) studies were published from 2000 to 2010, and 8 (8.5%) studies were reported between 1957 to 1999 (Table 3) .
Risk of bias
The value of risk of bias ranged from 1 to 5 for 78 studies that determined prevalence of DM among TB patients. Based on this assessment, 23 (29.5%) studies were assessed to have low risk of bias, 49 (62.8%) studies had moderate risk of bias and 6 (7.7%) studies were evaluated as having high risk of bias. The risk of bias for 19 studies that analyzed prevalence of TB among DM patients ranged from 0 to 4. Accordingly, 3 (15.8%) studies were assessed to have 
Prevalence of DM among TB patients
Out of the total 94 studies, 78 studies reported DM prevalence among TB patients. Except one study, all reported the total number of observed DM cases among enrolled TB patients. Accordingly, the prevalence of DM among TB patients ranged from 1.9% in Cotonou-Benin to 45% in Ebeye-Marshall Islands [68, 103] . This amounted to an overall global median DM prevalence of 16% (IQR 9.0-25.3%). Among the 78 studies, 48 (61.5%) studies were conducted in countries of Asia and showed prevalence rates ranging from 5.1% in Saluru-South India to 44% in Kerala-India [14, 18] . The overall median prevalence of DM among TB patients in Asia was calculated to be 17% (IQR 11.4%-25.8%). Thirteen (16.7%) studies conducted in countries of Africa showed prevalence rates ranging from 1.9% in Cotonou-Benin to 16.7% in Tanzania [68, 70] . This resulted in an overall median prevalence of 6.7% (IQR 4.1%-10.4%) in the studied countries of Africa. Eight (10.3%) studies that were done in countries of North America showed a prevalence rates ranging from 11.4% in Georgia [93] to 39.0% in South Texas [92] . The median prevalence in North America was 23.6% (IQR 17.3%-35.4%). There were five (6.4%) studies from Oceania that showed prevalence rates ranging from 12% in Fiji [104] to 45% in Ebeye-Marshall Islands [103] and the overall median prevalence in this area was 23.2% [90] (Continued) (IQR 12.8%-39.0%). Three (3.8%) studies conducted in South America indicated prevalence rates ranging from 6.1% in Brazil to 14% in Guyana [98, 101] . This amounted to an overall median prevalence of 11.1% (IQR 6.1%-14.0%). There was only one study from Europe that showed a prevalence rate of 5.9% (Fig 2) . Of the 78 studies included in this systematic review, only ten (12.8%) studies reported number needed to screen (NNS). The NNS indicates the number of TB patients that must be screened to get a single case of DM. The NNS ranged from four cases in Kerala India [18] to 56 in SriLanka [23] . Only 42 (53.8%) studies described the number of new DM patients obtained by screening TB patients. The number of new DM cases obtained after screening ranged from one case in Cotonou-Benin [68] to 402 cases in India [9] (Table 4) .
Prevalence of TB among DM patients
Out of the total 94 studies, 19 studies reported TB prevalence among DM patients. The studies were conducted in11 countries distributed in four geographic regions of the world. The prevalence of TB among DM patients ranged from 0.38% in Taiwan [21] to 14% in Pakistan [59] , and the overall median prevalence was 4.1% (IQR 1.8%-6.2%). Among the 19 studies, ten (52.6%) were from four countries of the Asian Region and the prevalence ranged from 0.38% in Taiwan [21] to 14% in Pakistan [59] . This amounted to an overall median TB prevalence of 3.5% (IQR 0.9%-10.5%) among DM patients in the studied countries of Asian Region. Seven (36.8%) prevalence studies were conducted in four countries of the African Region, and the prevalence ranged from 1.3% in Tanzania [73] to 6.2% in Ethiopia [69] . The overall median TB prevalence among DM patients in the Africa studies was 5.6% (IQR 3.5%-5.8%). There was only one study in North America (Mexico) that showed a prevalence rate of 4.9% [96] . There was also one prevalence study from Europe that showed prevalence rate of 1.82% [89] (Fig 3) . Only two study reported the NNS and NNS reported to screen DM patients to get one TB case ranges 71 DM patients in Mexico [96] to 812 in India [60] (Table 4) .
Risk factors for TBDM comorbidity
The risk/associated factors for TBDM comorbidity were heterogeneous. Both sexes, age, family history of DM, pulmonary form of TB (PTB) and positive sputum smear were the most frequently mentioned factors in the majority of the studies. The studies used different measures of association to analyze the factors. Out of the 94 reviewed articles, 11(11.7%) studies applied chi square test. Twenty two (23.4%) studies reported TBDM risk/associated factors using odds ratio, relative risk or hazard ratio. Conversely, 61 (64.9%) studies did not report either associated or risk factors for TBDM coexistence. This might be due to that most of the studies did not have adequate sample size and almost all studies mentioned neither in their objective nor in the limitation part about the risk factors of TBDM comorbidity. The following is a brief thematic description of the associated/ risk factors that were identified in the different studies.
Socio-demographic and economic factors.
A number of studies concluded that both males [18, 21, 94] and females [76, 91, 95] were at increased risk for TBDM comorbidity. Men were more likely to develop TBDM comorbidity compared to women [15] . Twenty two studies reported that older age increased the risk of TBDM comorbidity [14- [15, 85] . Cigarette smoking [21] and being alcohol drinker [23] were identified as an increased risk factors for TBDM coexistence. Practicing frequent outdoor activity was reported as a low behavioral risk factor for TBDM comorbidity [30] . 
Tuberculosis and diabetes mellitus comorbidity systematic review (Continued)
Tuberculosis and diabetes mellitus comorbidity systematic review 3. Clinical factors. Both lower and higher body mass index (BMI), human immune-deficiency virus (HIV) coinfection, body weight loss and hypertension were reported as associated factors for TBDM comorbidity [15-16, 21, 26, 58, 65, 85] . Both lower and higher BMI were also reported as an increased risk factor for TBDM comorbidity [28, 81] . Pre-existing and long duration of DM [69, 81] , poor glycemic control at the time of TB diagnosis [79] , patients with liver cirrhosis [21] and history of high blood pressure [26] were identified as an increased risk factor for the development of TBDM comorbidity. DM with both positive [15] and negative * = bidirectional screening studies results θ = the types of DM status information for 34 (50%) patients was not documented DM = diabetes mellitus, TB = tuberculosis, NNS = number needed to screen, NR = not reported, C.I. = confidence interval.
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[70] HIV status-were documented as associated and increased risk factor for TBDM comorbid condition. HIV coinfection and malnutrition were also reported as low risk factor for TBDM comorbidity [72, 95] . HIV coinfection with injection drug use (IDU) or without IDU was reported as low risk factor for TBDM coexistence [88] . TBDM comorbid patients were more likely to be PTB case, smear-positive, to have anti-TB drug resistance, to have cavitary lesions on chest x-ray, and to have high alanine transaminase (ALT) level [10, 25, 28, 30, 48, 54, 56, 88-89, 72, 76, 84, 88, 95, 100] . On the contrary, being an extra pulmonary TB (EPTB) case was reported as a low risk factor for TBDM comorbidity [100] .
History of DM, TB illness & TB treatment.
Having family history of DM, history of TB illness and treatment, experiencing more side effect of anti-TB treatment, type of TB treatment category, treatment for previous TB episode and extension of anti-TB treatment durations were reported as increased risk factor for TBDM comorbidity [23, 25-26, 28, 30, 54, 65, 69, 76, 88,95] . Receiving TB treatment after abandonment was also identified as low risk factor for TBDM comorbidity [100] .
5. Other factors. Contact with TB patient in the family was reported as associated/ increased risk factor for TBDM comorbidity [16, 69, 79] . Being imprisoned was associated with TBDM comorbidity [15, 98] . TBDM comorbid patients may require hospitalization [88] . TBDM patients were more likely to die from TBDM comorbidity [100] . Being kept in certain institutions (prisons shelter, orphanage and psychiatric hospital) were documented as low risk factor for TBDM comorbidity [100] (Table 5) .
Discussion
This systematic review revealed that the global burden of TBDM comorbidity is high, and is fueled by heterogeneous risk/associated factors. The observed global TBDM comorbidity Tuberculosis and diabetes mellitus comorbidity systematic review Education beyond primary schooling [31] Place of birth (Spanish born, Chinese, Philippines) [48, 88, 94] Ethnicity (Hispanic) [91] High-income status [26, 30] Sedentary occupation [28] Family size [67] 
Behavioral factors
Illicit drug use [15] Sedentary lifestyle [85] Smoking [21, 26] Current alcohol drinker [23] Frequent outdoor activity [30] Clinical factor Long duration of DM [69, 81] Poor glycemic control per unit increase in glycated hemoglobin (HbA1c) [79] DM in HIV negative status [70] HIV coinfection [15] [72]
HIV with injection drug use [88] HIV without injection drug use [88] Malnutrition [95] Liver cirrhosis [21] Hypertension [65] [26]
PTB [28, 48, 56, 76] EPTB [100] Drug resistance (in patient with antimicrobial susceptibility test) [95] Positive sputum smear [25, 30, 54, 84, 100] Cavitary on chest X-ray [30, 54, 88] Raised serum ALT concentration [72] (Continued) prevalence in the current systematic review is higher compared to the findings of the previous systematic review conducted in 2010 [11] . This might be related to the increasing number of studies addressing TBDM comorbidity in the last six years. A total of 74 studies have been published since 2011 which showed a threefold increase compared to the number of similar studies conducted before 2010. Contrary to the previous systematic review [12] , where studies from the Africa Regions were not reported, our systematic review showed an increasing number of studies reporting high prevalence of DM among TB patients in some countries of the African Region. The number of new DM patients identified by screening TB patients varied in the different studies. This variation might be due to differences in the screening methods used and variations in the prevalence of DM in the general population of the respective countries. However, the large proportion of newly identified DM patients suggests the identification of previously undiagnosed DM patients and highlights that screening TB patients for DM in the TB clinic is an important public health intervention [102] .
The observed prevalence of TB among DM patients in this systematic review is low compared to the previous systematic review findings [11] . This might be related to the small number of similar studies conducted, the low sensitivity of diagnostic methods used to detect TB cases and the magnitude of TB prevalence in the studied countries. In addition, the language restriction criteria that we used may have resulted in underreporting bias. Hence, we must be 
History of DM, TB illness & treatment
Family history of DM [85, 98] [23, [25] [26] 28, 30, 76] History of TB illness [69] TB treatment category [65] Experiencing more side effect of anti-TB treatment [88] To receive TB treatment after abandonment
Treatment for a previous TB episode (in patient without antimicrobial susceptibility test) [95] Extension of anti-TB treatment duration [54] Other factors Tuberculosis and diabetes mellitus comorbidity systematic review cautious in the interpretation of this finding. The prevalence of TB among DM patients in the studied countries of Asia and the African Regions were high compared to findings of other regions. This may be linked to the fact that countries in these continents are experiencing the fastest increase in DM prevalence along with the high burden of TB and HIV [27, 72] . We analyzed socio-demographic, behavioral, clinical and other factors associated with TBDM comorbidity. Male sex was identified as a risk/associated factor for TBDM comorbidity. Men usually practice smoking cigarettes and alcohol drinking which can predispose them to both diseases conditions [84] . Similarly, being women was found to be risk factor for TBDM comorbidity. The reason may be linked to poor health service utilization, care taking role of women for the sick, and influence of estrogen on cytokine production during TB infection that increases the vulnerability of women to TB and consequently to DM [76] . Old age was reported as associated/risk factor for TBDM comorbidity. The reason may be related to decrease in immune status in older age individuals that make them more susceptible to develop both TB and DM [48, 76, 81] . High-income status was also identified as risk factor for the two comorbid condition [26, 30] . Patients with high-income may spend much time in sedentary lifestyle activities than their counter parts and have better access for diagnostic and medical facilities [26] . Urban residence was reported as associated/risk factor for the development of TBDM comorbid condition [31, 69] . This might be due to the overcrowded living conditions, less physical activity and consumption of a high calorie rich diet among residents in urban areas [69] . In addition, urban residents have better access for the diagnosis of TB and DM.
Behavioral attributes such as tobacco smoking and alcohol drinking are associated with TBDM comorbidity [21, 23, 26] . Cigarette smoking results in inflammation and oxidative stress in body cells and increases the risk of developing DM [26] . In contrast, frequent outdoor activity was identified as protective factor for TBDM comorbidity [30] . This might be linked to the fact that increased physical activity results in increased peripheral insulin sensitivity which leads to more glucose uptake by body muscles [26] .
Our systematic review identified various clinical factors associated with TBDM comorbidity. Patients BMI status was identified as increased as well as low risk factor for TBDM comorbid conditions. Previous studies showed that overweight and obesity were risk factors for DM but were protective against TB disease. However, weight loss due to poorly controlled DM and metabolic decomposition takes away this protection and becomes risk factor for TB [30, 81] . Existing DM was the other risk factor for TBDM coexistence. Long term DM is usually associated with uncontrolled DM and can impair the innate and adaptive immune response necessary to counteract the proliferation of TB [28, 69, 81] . Poor glycemic control and high blood pressure were reported as risk factors for TB among DM patients [79] . In resource poor settings, early diagnosis and adequate glycemic control is difficult and poor glycemic control may predispose DM patients to TB disease. In addition, hyperglycemia may provide a conducive environment for bacterial growth and increased virulence of various organisms [69-70, 79, 81] . The increased risk factor for TBDM related to high blood pressure may be linked to the fact that persons with DM were more likely to develop high blood pressure [26] .
There is contradictory finding regarding the association of HIV with TBDM comorbidity [15, 70, 72, 88] . This might be linked to use of taking cotrimoxazole prophylaxis among HIV positive patients. Cotrimoxazole has been found to cause hypoglycemic effects in some patients [72] . The risk factor related to HIV infection could also be related to use of certain antiretroviral drugs that may predispose HIV infected patients to DM [106] . Having family history of DM was also identified as associated/risk factors for TBDM comorbidity. Family history of DM is a known risk factor for DM [3] .
Contact with known TB patients was considered as risk factor for the development of TB among DM patients [16, 69, 79] . Frequent contact could lead to transmission of TB [69] .
Patients with history of imprisonment were more likely to be exposed to TBDM comorbid conditions [15, 98] .This might indicate that the acquisition of both diseases during imprisonment period is very high [98] and might be related to overcrowded and stressful living conditions. It was also reported that TBDM comorbid patients usually become hospitalized [88] . DM patient more likely require hospitalization due to glycemic imbalance as a result of infection that may require taking insulin [88] .
This systematic review has strengths and weaknesses. The comprehensive search strategy applied using multiple electronic databases and the inclusion of a large number of studies covering almost all geographic regions of the world are strengths of the study. Potential limitation of the study could be the exclusion of studies written in other languages except English. However, since our inclusion criteria was very broad and accommodated majority of the studies that assessed the magnitude and associated/risk factors of TBDM comorbidity, the effect of excluding non-English written articles in the generalizability of the study findings would be minimal. We could not be able to report age of study participants due to lack of uniformity in the way it was reported in the reviewed articles. We recommend future studies to address this important variable. One may question why we used prevalence rate to report the findings since all studies reviewed were not cross-sectional studies. However, majority of the articles included in this systematic review reported their findings as prevalence of either TB among DM or DM among TB patients. Some reported as the number of DM or TB patients obtained from screening TB or DM patients. The studies were observational studies and used cross-sectional and descriptive study designs. We thus have used prevalence rate as our effort was to relate it with what the reviewed articles reported. We did not exclude studies based on the level of risk of bias assessment as our main objective was to understand the global picture of the prevalence and associated/risk factors of TBDM comorbidity in a more comprehensive manner. We believe that this may not significantly affect the generalizability of the study as majority of the studies were evaluated as having low-moderate risk of bias. We did not perform metanalysis because of methodological variations observed in the different studies included in our systematic review. The studies varied by type of study design used, methods of DM and TB screening, timing of DM screening and number of enrolled patients.
Conclusion
This systematic review revealed that there is a high burden of DM among TB patients at global level. The highest prevalence of DM among TB patients is observed in the studied countries of Asia, North America and Oceania. On the contrary, the prevalence of TB among DM patients is low globally, but relatively higher in the studied countries of Asia and the African continents. Factors associated with TBDM comorbidity included sex, older age, urban residence, illicit drug use, alcoholism, cigarette smoking, sedentary lifestyle, obesity, HIV coinfection, hypertension, long duration of pre-existing DM, poor glycemic control, being a PTB patient, and family history of DM.
The implementation of the WHO recommended TBDM integrated services is important to address the impact of TBDM comorbidity [6] . However, as implementing such a strategy is resource intensive, countries may benefit by first assessing the magnitude and risk/associated factors of TBDM comorbidity before making decisions to undertake such a big initiative.
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